In recent decades, a variety of pharmaceutical research has been conducted to develop new dosage forms. Considering quality of life (QOL), most of these efforts have been focused on ease of medication [1] [2] [3] or novel drug delivery systems. [4] [5] [6] Among the dosage forms developed to facilitate ease of medication, the rapid-disintegrating tablet (RDT) is one of the most widely employed as commercial products. [7] [8] [9] The RDT has remarkable disintegration properties; without water, it is rapidly disintegrated in the mouth within only a few seconds. When the RDT is placed in the oral cavity, saliva quickly penetrates into the pores causing rapid disintegration.
Until recently, the friability of the RDT was considered a critical problem. However, the utilization of the molding tabletting machine developed by Eisai Co. Ltd. has solved these counterpoints (disintegration and friability).
The RDT presents considerable advantages for the patient (or elder) who has a swallow dysfunction, or who is not permitted water intake because of disease. 10) One of the most important characteristics of the RDT is its disintegration time in the oral cavity; however, a suitable method to access the disintegration properties described in the Pharmacopoeias (Japan, U.S.A. or Europe) has not been developed.
At present, the disintegration time of RDTs is measured utilizing the conventional tests (for tablets) that are described in the Pharmacopoeias. However, it is difficult to assess the disintegration rate for the RDT with these tests due to its rapid disintegration rate even in a small amount of water. Further, the conventional tests employ a volume of 900 ml of test solution compared to the volume of saliva in humans, which is less than 1 ml. Thus, the disintegration rate obtained from the conventional disintegration tests appears not to be reflective of the disintegration rate in the human mouth. [11] [12] [13] To overcome this problem, several new methods have been proposed. These methods employ a modified dissolution test, 11) fluid water 12) or a CCD camera. 13 ) However, we consider that these methods might not be efficient because the RDT does not receive any mechanical stress force. In fact, the RDT receives some mechanical stress produced by the tongue in the human mouth. The purpose of this study was to establish a suitable disintegration method for RDT. In the experimental method that we propose herewith, the RDT is placed on a stainless steel wire gauze, which is slightly immersed in medium (Fig. 1) , and a rotary shaft is employed to provide mechanical stress to the tablet by means of its rotation and weight. The critical parameters of the proposed method are the rotation speed and the mechanical stress. Using this new method, we thought it would be possible to predict a more realistic disintegration rate in human. To evaluate our hypothesis, the disintegration rates of various placebo RDTs were evaluated using conventional tests (disintegration test, dissolution test), the proposed method, and sensory test in human, and the results were compared.
Experimental
Materials Mannitol was purchased from Towa Chemical Industry Co., Ltd. (Tokyo, Japan). Light Anhydrous Silicic Acid (Aerosil Manufacture of RDTs Formulations employed in this study are summarized in Table 1 . The test tablets were prepared using two types of binder. RDTs were manufactured by the procedure developed by Morita et al. 13) Mannitol was pulverized with a high-speed mixer. Binder was dissolved in a solvent composed of 25% (W/W) ethanol/water. Mannitol and Aerosil were kneaded with the binder solution in order to achieve uniform moisture. Subsequently, the wet powder was compressed by a novel molding tabletting system, which consisted of a molding tabletting machine and a belt dryer (90°C), developed by Eisai Co., Ltd. (Tokyo, Japan) and Sankyo Seisakusho Co. (Tokyo, Japan). Following drying with the belt dryer, tablets were dried in a tray dryer at 60°C (DAE-20, Sanwa Kaki Kogyo Co., Ltd., Tokyo, Japan) in order to reduce the loss on drying of the tablets. The diameter of these tablets was 8 mm (flat tablet).
Measurement of Disintegration Time in the Human Sensory Test
Twelve healthy volunteers tested the disintegration time of the placebo RDTs (18 samples). Before the test, the mouth cavity was rinsed with a cup of water (200 ml). The tablet was placed on the tongue, and subsequently the The aim of this study was to develop a simple and suitable disintegration method specific for rapid disintegrating tablets (RDTs). The new disintegration method that we propose employs a rotary shaft to exert mechanical pressure on the RDT. To assess our method, we manufactured several placebo RDTs and exposed them to severe storage conditions (60°C/75%RH for 1week) in order to obtain RDTs with a wide range of disintegration times. These placebo RDTs were utilized to compare the disintegration times obtained by several methods, including the proposed method. As expected, the disintegration time of the placebo RDTs in human sensory test varied widely. The disintegration times determined by the conventional disintegration test were in good correlation to those in human sensory test, but the slope was far from 1 (0.241). There was no correlation between the disintegration time of RDTs in human sensory test and those determined by the conventional dissolution test. In contrast, we acquired good correlation between the disintegration times obtained with the new method and those in human sensory test, and the slope was very close to 1 (0.858). We attribute this to the use of mechanical stress in the new method, similar to that the RDT is subject to in the oral cavity. We therefore concluded that the proposed method was suitable for the measurement of the disintegration time of RDTs. This new method might provide a valuable approach for the establishment of the official disintegration test for RDTs in the future.
tongue was gently moved. The time required for the elimination of any residue or fragment of the tablet was measured with a stopwatch.
Conventional Disintegration and Dissolution Test Disintegration time in the conventional disintegration test was measured following the Japanese Pharmacopeia.
Disintegration time in the conventional dissolution test (JP 1st) was measured visually using a stopwatch. The dissolution media was 900 ml-purified water at 37°C. The rotation speed of the shaft was 50 rpm.
New Disintegration Method Figure 1 shows an illustration of the newly proposed disintegration method. Purified water was used as medium. The medium temperature was set at 37°C. The RDT was placed on the wire gauze (D), slightly immersed in the medium, and then compressed by the shaft (E). The compression force was easily adjusted using the weight (A). The rotary shaft crushed the RDT, and the RDT was disintegrated into the medium. The optimum rotation speed and weight, 10 rpm and 15 g, respectively, were set according to a previous study.
14 ) The endpoint is measured visually using a stopwatch.
Results
Physical Properties of RDTs Table 1 describes the formulations for the RDTs employed. PVA and PVP were used as typical binders. Table 2 shows that the increase in binder or water content improved the friability of the RDT. Friability test was performed following Japanese Pharmacopeia. The criterion for friability is "not more than 1%". All samples satisfied this criterion.
Except for hardness, there was not significant change in the important physical properties between the initial and stored samples. In hardness, some sample was slightly decreased.
Disintegration Time in Human Sensory Test As shown in Fig. 2 , the disintegration time in the human sensory test was influenced by formulation. The compression force during the tabletting process did not affect the disintegration time. In the initial samples, the disintegration times of RDTs containing PVA (column A-C) were longer than those with PVP in stored samples, the disintegration times of all RDTs using PVA were remarkably delayed.
Disintegration Time Using Conventional Disintegration Test and Dissolution Test
When measured with the conventional disintegration test, the disintegration time varied depending on the composition and storage (Fig. 3) . The compression force during the tabletting process did not affect the disintegration time. In the initial samples, the disintegration times of RDTs containing PVA were longer than those with PVP. In stored samples, the disintegration times of all RDTs containing PVA were remarkably delayed.
In the conventional dissolution test, disintegration time was not affected by any of the parameters discussed in this study (formulation, storage condition, and compression force in the tabletting process). As shown in Fig. 4 , all disintegration times were approximately ten minutes. Figure 5 shows the relationship between human sensory test and conventional tests. There was no relationship between the disintegration times determined by the disintegration test and those of the dissolution test. Furthermore, no correlation was found between the disintegration times obtained in the dissolution test and the test in human sensory test. However, we observed a significant relationship (r 2 ϭ0.861) between the disintegration test and the human sensory test. Nevertheless, the slope was far from 1 (0.241). Figure 6 shows the disintegration times obtained using the newly proposed method for the RDT. Similar to the conventional disintegration test and the human sensory test, the disintegration time was affected by the composition of the RDTs.
Disintegration Time Using Newly Proposed Method
As shown in Fig. 7 , a significant correlation was observed (r 2 ϭ0.859) between the newly proposed disintegration method and the human sensory test, and the slope was close to 1 (0.858).
Discussion
The purpose of this study was to develop a suitable and simple disintegration method for RDTs. Placebo RDTs were prepared with various disintegration characteristics in order to assess our method. In this study, the binder content in the tablets was slightly higher than the optimum and the stress conditions (60°C/75%RH, 1 week) were too rigorous compared with the conventional accelerated conditions (40°C/ 75%RH, 6 months).
Among the physical properties (weight, thickness, hardness, friability, loss on drying, and disintegration time) evaluated for the RDTs, the disintegration time was extremely changed after storage under severe stress conditions (60°C/ 75%RH, 1 week).
In the human sensory test, there was a clear difference in the disintegration times of RDTs containing PVA and PVP in the initial samples. After the storage at 60°C/75%RH for 1 week, the disintegration rate of RDTs containing PVA was remarkably delayed. In contrast, RDTs including PVP showed no change in the disintegration time after storage.
This effect was observed not only in human sensory test but also in the conventional disintegration test. The effect, however, seemed to be smaller in human sensory test, which could be related to the mechanical stress produced in the mouth. The slope between the disintegration time in the conventional disintegration test and the human sensory test was nevertheless far from 1 (0.241).
There have been several reports on new disintegration methods. 11, 13) Bi et al. proposed a method using a modified dissolution test apparatus. In this method, the RDT is placed in the sinker, and the sinker is dropped within medium (900 ml 37°C). Morita et al. used a CCD camera to monitor the disintegration time. Both methods are remarkable, but they evaluate the RDT without taking into account the effect of mechanical stress.
Morita et al. reported the relationship between oral disintegration time (in vivo) and disintegration time (in vitro) calculated using the new method for each binder. However, the correlation was far from 1, and the method differed with respect to each type of binder. 13) Our method, in contrast, is widely applicable to RDTs without the need to consider the type of binder used in the formulation. Moreover, good correlation was obtained between the disintegration time determined in vitro and in vivo for all RDT samples even stored samples; the slope was near to 1 (0.858). The results demonstrate that the mechanical stress induced by the rotary shaft (rotation and weight) is one of the most important and critical factors for disintegration of the RDT. Another critical factor might be the amount of water used in the test method. In the above methods, a large amount of water is utilized, so RDT was immersed in the 900 ml water. However, this condition does not resemble the actual conditions in the oral cavity. In fact, the saliva volume was very small, and these small amounts of saliva penetrate into the RDTs. The method we propose utilizes only a limited amount of water to allow the penetration of water. From this point of view, our proposed method also presents a clear advantage.
In conclusion, we were able to establish a suitable and simple disintegration method for RDTs, which has good correlation with disintegration in the human mouth. It presents clear advantages with respect to current available methods and thus, might provide a novel approach for the determination of the disintegration time of the RDT.
